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Forestsas naturalsystemsareintrinsically linked to thesustainabilityof fresh-

watersystems.Efforts worldwide to restoreforest ecosystemsseekto counter-
act centuriesof forestconversionto agricultureandother uses.Afforestation,

the practiceof regeneratingforestson land deforestedfor agricultureor other
uses,is occurringat an intensepace in the Lower Mississippi Alluvial Valley

(LMAV) of thesouthernUnited States.Objectivesof this chapterare (1) m
placeafforestationefforts in the LIVIAV into a global context of forest restora-

tion by drawingparallelsto work in othercountries;(2) to summarizeavailable
information on afforestationtechniquesusedto restorebottomlandhardwood

ecosystems;and(3) to documentwhat is known abouttheeffectson ecosystem
functions. The dominant goal of all restoration programs in the LMAV,
whether on public or private land, has been to createwildlife habitat and

improve or protectsurfacewaterquality. Complex plantationsthat retain eco-

nomic and logistic advantagesof simple plantations can best meet some
restorationgoals. Complex plantationscan include various arrangementsof
multiple speciesin true mixturesor intereroppingmixtures. Potential benefits

of mixed-speciesstandsversLis single-speciesstandscan include increasedpest
resistancein thestand,increasedproductivity or yieldsif thestandis vertical1);

stratified, increasedprodtict diversity, improved quality of crop trees, and
increasedcanopyspeciesdiversity. Such healthy, diverseforestsarecritical to

sustainingfreshwaterecosystems.Riverine forests such as bottomland hard-
woods and depressionalswamp forests directly influence freshwatersystems,
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and thereforerestorationof theseforestsis consideredessentialto improving

waterquality.
Forests as natural systemsare intrinsically linked to the susrainability of

freshwatersystems.Although commodity production from forestsis a well-
recognizedbeneficial use, the valueandbenefit of ecologicallinkagesbetween

forests,waterresources,and humansmay not be obviousto thecasualobserver.
Forestsplay critical roles in moderatingextremesin dischargefrom streamsand

rivers (e.g.,increasedflows in drought,decreasedflows in floods) andareimpor-

tant in rechargeof groundwaters.Forest cover decreaseserosion and filters,
stores,andmoderatesnutrient releaseinto streamsandrivers. Largewood from

forestsplaysa majorecologicalrole in the functioningof stream,river, andestu-
annesystemsby forming and stabilizing channels,providing fish and aquatic

organismhabitat,and increasingproductivity. Forestcoveris often at theheart
of thedebatesaboutglobalclimate change,andtheeffectof reducedforestcover

on climate hasdirect implications for the quantity andquality of worldwide
freshwatersupplies.Reestablishmentof forestsis a primary componentof a

holistic approachto worldwide sustainabilityof freshwaterecosystems.
Effortsworldwide to restoreforestecosystemsseekto counteractcenturiesof

forest conversionto agricultureandother uses(Stanturf2002). Forestrestora-
tion in the broadsenseis widespread.althoughthereis no agreementon what

constitutesrestoration.Market forces,changingtradepolicies, andagricultural
incentiveprogramsdrive conversionof clearedlandbackto trees.Afforestarion,

the practiceof regeneratingforestson land deforesredfor agricultureor other
uses,is occurringat an intensepacein theLMAV of thesouthernUnited States.
Objectivesof this chapterareto (1) placeafforestationefforts in theLMAV into

a global contextof forest restorationby drawingparallelsto work in othercoun-
tries; (2) summarizeavailable information on afforestationtechniquesusedto

restore bottomland hardwoodecosystems;and (3) documentwhat is known

about theeffects on ecosystemfunctions.

ForestRestoration Concepts

Restorationgenerally connotestransition from a degradedstateto a former

“natural’ condition. All restorativeactivitiesdescribed(reforestation,rehabil-
itation, afforestarion, and reclamation) havebeencalled forest restoration,

but none of thesewould qualify as true restorationto the purist (Bradshaw
1997; Harringron 1999). In thenarrowestinterpretation,restorationrequires

a return to an ideal natural ecosystemwith the samespeciesdiversity, com-
position, and structureof a previousecosystem(Bradshaw1997) andas such

is probablyimpossibleto attain (Cairns1986). Pragmatically,abroaddefini-
tion of forest restorationwould include situationswhere forest land useas

well as land coverarereestablished(afforesrarionor reclamation)or wherea
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degradedforest is returnedto a more “natural’ condition in termsof species
compositionandstandstructure(rehabilitation).This is theapproachadopted
in this chapter(for a more detaileddiscussion,seeStanrurfandMadsen2002).

Examplesof forest restorationabound(Table9.1) andthosein northern

Table 9.1.Examplesof forest restorationefforts in variouspartsof theworld

7jjpe ofrestoration Region

Afforestation

Afforestation

Formercondition

Lower Mississippi
Alluvial Valley, United
States’
Nordic counmries

Afforestation Tropical countries3

Afforestation
Afforestation
Reclamation
Reclamation
Reclamation

Venezuela
Iceland4
Everywhere
Asia5
Ireland

Reclamation India6

Rehabilitation

Rehabilitation

Rehabilitation

Rehabilitation

SoutheasternUnited
States~7
Interior highlands,
southeasternUnited
States
Northern Europe8

EnglandandScotland

Agriculture

Agriculture

Agriculture

c;errado
Erodedgrazing land
Mined land
Shrimp ponds
Mined peatland

Salineandsodicsoils

Loblolly pine
I~lantations
Shortleafpine/hard-
wood forests

Norwayspruce
plantations
Spruceor pine
plantations

Restoredcondition

Bottomlandhardwoods

Hardwoods,sometimes
Norwayspruce
Exotic andnative

hardwoods
Caribbeanpine
Birch, lupine/birch

Various
Mangrove
Sitkaspruce,various

hardwoods
Eucalyptusspecies,
acaciaspecies,other
nativespecies
Longleafpine
Woodlands
Shortleafpine/blues
grasswoodlands

Oakor beech
woodlands
Mixed woodlands

Savageet al. 1989;Allen 1997; Gardinerera].2002; Hameletal. 2002; Newling 1990;
\Wweirzeret al. 1997; Sharirz 1992; Stanrurfetal. 1998, 2000, 2001; TwedtandPorrwood
997; Twcdr et al. 1999.

‘Madsenet ad. 2002.
KnowlesandParrorta1995;LambandTomlinson 1994; Parrotta1992;Parrorraetal. 1997.
Madsenet al. 2002.
lsirbridgeand1-lellin eral. 2002.

\Vhalley 1988.
Walker andBoyer 1993.
\ladsenetal.2002.
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Europeillustrate thediversity of conditions that may occur (Madsenet al.
2002). Nordic forestsprovide diverseexamplesof afforestationandrehabil-
itation. In Iceland, afforestationon barrenanddegradedlandaims to restore

birch (Betulaspp.)woodlands,which coveredmore than25 percentof the

land area at the time of settlementin the tenth century (Aradottir and
Arnalds 2001). In contrast,afforesrarionin otherNordic and Baltic coun-

tries occurson fertile farmland. Even so, the aims of afforestationdiffer
betweenthesecountries. In Finland, Sweden,and Norway, afforesrationis

limited to replacingsmall-scale,inefficient agriculture.In Estonia, thepost-
communistgovernmenthasreturnedagriculturalpropertyto descendantsof

the former landowners.Many of these“new” landownerslack knowledgeor
experiencewith agronomy. Thus, forestry may provide these landowners

with a low-costland-usealternative.The afforestationprogram in Denmark
emphasizessustainability, natureconservation,andbiodiversity;with provi-

sions to protect groundwater,improve recreationalvalue of the landscape,

andreduceagricultural subsidies(Madsenet al. 2002). The Danishgovern-
ment intends to double the nation’s forestedareawithin onetree rotation,

about 100years.
Forestryin theNordic countriestraditionally hasemphasizedconifer man—

agementfor sawtimberandpulp. Conifers are favored becauseof their high

productivity andlow costof establishment.Concernsfor ecologicalsustainability,
nature conservation,and sustainableland use have risen over the past two

decades,while pricesfor softwoodtimberhavefallen.Additionally, someconifer
speciesareproneto windthrow on certainsites.Theseproblemshaveincreased

the interest of landownersin managingbroadleafspeciesand naturalregenera-
tion practices(Larsen 1995). Broadleaftree speciesare being consideredfor
afforesrarionof former agricultural land andfor conversion(rehabilitation)of

conifer plantationson bettersoils in Denmark,southernSweden,Germany,the
UnitedKingdom, andtheRepublicof Ireland (Table 9.1).

The Lower MississippiAlluvial ValleyContext

The Lower Mississippi Alluvial Valley hasundergonethemostwidespreadloss

of bottomlandhardwoodforestsin theUnited States.Besidestheextensiveloss
of forest cover by clearingfor agriculture, regionalandlocal hydrologiccycles
werechangeddrasticallyby flood-controlprojectsthatseparatedtheMississippi

Riverandits tributariesfrom their floodplains(Sharitz1992; Shankman1999;

Sranrurfet al. 2000).The LMAV is regardedas one of the most endangered
ecosystemsin theUnitedStates(Nosset al. 1995;Abell et al. 2000). Bortomland
systemsacrossthesouthernUnited Statesprovidehabitatsfor breedingpopula-

tions of Neotropicalmigratory birds as well as staging groundsfor thesebirds
during migration. The southernUnited Statesis at risk for significant loss of
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aquatic diversity, particularly native fishes, freshwatermussels, and crayfishes

(Williams et al. 1993; Taylor et al. 1996; Warren et al. 2000). The U.S.
EnvironmentalProtectionAgency(U.S. EPA)hasidentifiedtheYazoo-Mississippi

basinasan areaof significantconcernfor surface-andgroundwaterquality (U.S.

EI~A 1999). In responseto concernsfor wildlife habitatandwaterquality protec-
tion, theLMAV hasbeentargetedfor the roostextensiveforest restorationeffort

in theUnited States.

The Needfor Restoration

Before Europeancontact,bortomlandhardwoodforest occurredon 8.5 to 10.1
million hecraresin theLMAV (TheNatureConservancy1992), althoughactual

forest covermay havebeenless becauseof agricultural useby NativeAmericans
(HamelandBuckner1998). Fully 96 percentof subsequentdeforestationin the

LMAV has been by conversion to agriculture (Mac[)onald et al. 1979;
Departmentof the Interior 1988). About one-Isalfof the original forestswere

cleared betweenthe early 1800sand 1935 (Fig. 9.1). Flood-control projects
straightenedand deepenedrivers, drainedswamps,and encouragedtheexten-

sion of forestclearingto lower,wetter sites.Themostrecentsurgein deforestation

occurred in the I 960s and 1 970s when rising world soybean(Glycine max)
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Figure9.1.Extent of bottomlandhardwoodforestsin the Lower Mississippi Alluvial
Valley from pre-Europeancontact(1492)to moderntimes(1990)with projections
to 2020.Theestimateof forest coverprior to Europeancontactassumesthat Native
Americanagriculturewas at least asextensiveas early colonialagriculturearound
1820. This is probablyanunderestimate.Thepredictionof the areato be restored
by 2020 is 405,000hectares,which is roughlydoublethe amountplanted through
2005. (Source:Stanrurfetal. 2000)
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pricesmadeit profitable to convert additional areato agriculture(Sternitzke

1976). However, thepassageof “Swampbuster”provisionsin the 1985 Farm
Bill has minimized further clearing of forested wetlands for agriculture

(Shepardet al. 1998).

RestorationPractice
Actionson federallandandfederalincentiveprogramsdrive restorationin the

LMAV, althoughstatesalsohaverestorationprojectson public land(Savageet

al. 1989; Newling 1990).Thedominantgoalof all restorationprogramsin the
LMAV~ whetheron public or privateland, hasbeento createwildlife habitat

andto improve or protectsurfacewaterquality (King andKeeland1999). In

practice, this means afforestation of small areas (usually no more than
120 heerares)within a matrix of activeagriculture.Although we know how to

afforestmanysites (Stanturfetal. 1998),recentexperiencewith theWetlands

ReserveProgram(WRP) in Mississippi illustrates thedifficulty of applying
this knowledgebroadly (Stanturfet al. 2001). Currently, restorationon public
andprivate land is plannedfor 200,000 hectaresin theLMAV overthe next
decade (Table 9.2) but as much as 1 million hectaresmay be available

(Stanturfet al. 2000).

Table9.2. Forestrestorationplannedon formeragricultural landby federaland
stateagenciesin theLower MississippiAlluvial Valley, United States

Program Agency

Area(ha)’

1995 Plannedto 2005 Total

Wildlife refuges U.S. FishandWildlife 5,174 10,004 15,178
Service

Wetlandmitigation U.S. Army Corpsof 2,024 9,704 11,729
Engineers

Stateagencies Mississippi,Louisiana, 13,506 40,516 54,022
Arkansas

WetlandsReserve NaturalResources 53,021 47,773 100,795
Program(WRP) ConservationService

TOTAL 73,725 107,997 181,724

Source:Adaptedfrom Stanrurfet A. 2000.
1Esrimaresfurnishedby participantsat theworkshopArtificial Regenerationof Bottomland
Hardwoods:Reforestation/RestorationResearchNeeds,heldMay 11—12, 1995, in Stoneville,
Miss.
2Formerly, Soil ConservationService.
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Plantation Forestry as a RestorationMechanism

It shouldbe self-evidentthat the first step in restoringa forest is to establish
trees,the dominantvegetation.Althoughthis is notfull restorationin the sense
of Bradshaw(1997), it is a necessarystepandfar from a trivial accomplishment
(Stanturfet al. 1998;Hamel et A. 2002; Stanturfet A. 2001). Nevertheless,
many peopleobject to traditionalplantationson the groundsof aestheticsor
lackof standand landscapediversity. The correct ecologicalcomparison,how-
ever, is betweenthe forest plantation and intensive agriculture rather than
betweentheforestplantationanda maturenaturalforest(StanrurfetA. 2001).
All forestalternativesprovideverticalstructure,increasedplantdiversity,wildlife
habitat,andenvironmentalbenefits.Kanowski (1997)arguedfor a dichotomy
in conceptsof plantation forests, betweentraditional industrial plantations
establishedfor fiber productionand complexplantationsystemsestablishedto
maximizesocialbenefitsotherthanwood.Perhapssomerestorationgoalscanbe
met betterby developinga conceptof complexplantationsthat retaineconomic
and logisticadvantagesof simpleplantations.

Characteristicsof SimplePlantations

Simpleplantationsaresingle-purpose,usuallyeven-agedmonoculturesthatcan
produceup to ten times more wood volume than natural forests (Kanowski
1997). Simple plantations, nevertheless,provide multiple benefits when
comparedto alternativessuchas continuousagriculture.For example,theymay
satisfysustainabilitycriteria (e.g., SantiagoDeclaration1999) if managedwell.
Advantagesof simple plantations include that they can be establishedwith
proventechnology,their managementis straightforward,and they benefit from
economiesofscale.Simple plantationsmaybepreferredif financial returnis the
primary objective of a landowner (Stanturfet al. 2001). However, complex
plantationsthat providegreatersocial benefitcanbe establishedat a reasonable
cost.The additional cost may be as little as a 10 percentreductionin timber
returns(Kanowski 1997) or at a netfinancialgain to the landowner(Stanturf
andPortwood1999).

Characteristics of Complex Plantations

Complexplantationsdiminish concernsassociatedwith how the forestappears
(aesthetics)and increasestructuraland compositionaldiversity. To optimize
theseeffects,however,requiresconsiderationofsurroundinglandusesand iden-
tificarion of thebestmethodto establisha mixed-speciesstandgivensitecondi-
tions,economics,anddesiredfuture returnsfrom thestand.
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Associationwith OtherLand Uses

Objectionsto forestplantationsareoftencast in termsof aesthetics.The “sharp”
boundarybetweena plantationand other land uses is objectionableto some
people,asis the uniformityof treesplantedin rows.To integratetheplantation
with other land uses,sharpedgescanbe“sofrened” by fuzzy or curvedbound-
aries.Whereplantationsareestablishedon smallfarmholdings,agroforestrysys-
temssuchas intereroppingcanblend land uses.Additionally, forestedriparian
buffers canbe establishedas plantationsin agricultural fields.Theseplantation
buffers can protectwater quality by filtering sediment,nutrients, andfarm
chemicals,andthey may reduceaccessby livestock to streambanks. Riparian
buffers increaselandscapediversity andcanserve as corridorsbetweenpatches
of fragmentedforests.In floodplain landscapessuchas bortomlandhardwoods,
areasof permanentlysaturatedor inundatedsoil (respectively,moist soil units
andopenwaterareas)are commonanddiversify the interior of plantations.

The uniformityof plantationrowscanbeovercomein severalways. Perhaps
the simplest techniqueis to offset rows. Uniform spacingbetweenrows and
betweenseedlingswithin a rnw is common,resultingin a squarepattern.Such
a patternis necessaryonly if requiredfor post-plantingoperationssuchasdisk-
ing, or if maximizingstockingis desired.Rowscanbeoffsetto producea paral-
lelogram insteadof a square,or rectangularspacingcanbe used.Alternatively,
plantationscan beplannedwith a recreationalviewer in mind so that theview

from trails androadsis alwaysobliqueto therows, therebyescapingnotice.Still,
oncethecanopyreachessufficientheightthat groundflora andmidstoryplants
canestablish,manyplantationstakeon the appearanceof naturalstands,at least
to the casualobserver.This is especiallythe case following manipulationof
structureby thinning.

SpeciesCompositionand VegetationStructure

A moreseriousobjectionto plantationsis thelackofdiversity in termsofspecies

composition and vertical structure. Simple plantations typically are not as
diverseas naturalstands,at leastfor many years.Forestershavedevisedseveral
methods to establishmultiple-speciesstands.For example, planting several

blocks of differentspeciesin a stand,or evenalternaterows of differentspecies,

is possibleandcreatessomediversity at the standlevel. Distribution, however,
remainsmore clumpedthanwould betypical of anaturalstand.

Othermethodsareavailablefor establishingmixed-speciesstands.Forexam-
ple, nurse crops of faster-growingnative species(Schweitzeret al. 1997) or
exotics(LambandTomlinson 1994)maybeusedto facilitatetheestablishment

ofslower-growingspecies.In this approach,thereis no intentionof retainingthe
nursecrop speciesthroughthe rotationof theslower-growingspecies(this could

also be termed relay intercropping~.Although thenursecrop methodhasmany
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advantages,and in the short-termprovidesspeciesdiversity andverticalstruc-
ture, thesecharacteristicsmay decline once the nursecrop is removed. The
challengeis to developmethodsfor establishingseveralspecies-in intirnategroup
mixtures.Suchmethodsmustaccountfor speciesgrowthpatterns,relativeshade
tolerances,andcompetitiveabilities to avoid excessivemortality during theself-
thinning or stemexclusionstageof standdevelopment.

Vertical structure is an important feature of forests for wildlife habitat

(TwedtandPortwood1997; Hamelet al. 2002).Earlystagesof standdevelop-
ment, whetherin naturalforestsor plantations,arecharacterizedby low light

availability in the understory.In most restorationforests,understoryandmid-
story developmentdoesnot occur for many years, until overstorycrowns
differentiate.Annualdisturbancewhile in agriculturedepletesburiedseedand
rootstocksof nativeplants,and low light levels in the young forest preclude
understorydevelopmentfrom invaders.Landmanagerscaninterveneby planting
understoryspecies,but guidanceon methods,planting density, or probable
successratesis lacking.As indicatedabove,relay intereroppingprovidesvertical
structurefor a portionof therotation.Naturaldispersalinto gapsmayencour-
age understorydevelopment,whether gaps are createdby thinning or lefr
during planting(Allen 1997).The critical factor limiting understorydevelop-
mentby naturalinvasioniswhetherthereareseedsourcesfor understoryplants
within dispersalrange(Johnson1988).

Common Challengesin Restoration

The challengesof forestrestorationin differentcountriesaresurprisinglysimilar
(Kanowski 1997): overcomingsite degradationand limitations, prescribing
appropriatespecies,andapplying cost-effectiveestablishmentmethods.Three
stepsare key to planningforestrestoration:(1) understandingcurrent condi-
tions (thegiven conditions,a startingpoint); (2) clarifying objectivesand iden-
tifying an appropriategoal (the desired future condition); and (3) defining
feasibleactionsthat will move towardthe desiredcondition. In mostcases,the
forester has severaloptions for intervening, as thereare multiple silvicultural
pathwaystowardthedesiredfuturecondition.Thechoiceof interventionaffects
the financialcost,thenatureof intermediateconditions,and thetime it takesto

achievethe desiredcondition. It is imperative that silvicultural decisions are

madewithclear objectivesin mind andwith anunderstandingof theprobability
that a particularinterventionwill besuccessful.

Overcoming Site Limitations

Site potential,and whether it has beendegraded,setslimits on what canbe
achievedby intervention. Sitepotentialrefersto the combinationof relatively
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unchangingphysicalfactorsthataffectspeciescompositionandstandvigor. Soil
and landformcharacteristicsdeterminemoistureavailability, aeration,andfer-
tility. In wetland forests, hydroperiodcharacteristicsare important (flood
frequency,seasonality,duration,anddepth). Site potential is not immutable,
however,andcanbeinfluencedpositivelyor negativelyby changesin landcover
or land use.Existingforestsin needof rehabilitationmayhavebecomedegraded
by pastmismanagementsuch as timber high grading(i.e., removing only the
biggest,mostmerchantabletrees), fire suppression,or holdingwater late into
the growing seasonin greentreereservoirs.In othercases,hydroperiodalter-
ations, hurricanes,severewindstorms,floods, or insectoutbreaksmay degrade
the standsbut not usuallythe sire.On the otherhand,previousland use may
havedegradedsiteconditions,especiallyforafforestarionandreclamationprojects.
Specific conditionsmayvary from soil erosionor salinizarion, in which soil
chemistryand physical structureare inhospitableto native trees, to lowered
fertility from continuouscropping, which slows or precludestree growth. In
somecases,landbecomesavailablefor restorationbecausethe previouslanduse
was unsustainable.

An extremeexampleof an unsuitableland-usepracticeleadingto sitedegra-
dationandcreatingtheneedfor forestrestorationcanbefoundin themangrove
(Rhizophoraspp.,Avicenniaspp., and others) forestsof Asia (Burbridgeand
Hellin 2002).Aquacultureis animportantsourceof income,employment,and
exportsin many of the world’s coastalregions.Extensiveaquaculturehasbeena
sustainablepart of coastalland andwater use for manycenturiesin Asia. The
rapid expansioninto mangroveforestsof semi-intensiveand intensiveshrimp
aquaculture,oftenpoorly plannedandmanaged,hascreatedsignificantadverse
environmental,economic,andsocialeffects.Unnecessarydestructionof coastal
wetland forests for nonsustainableaquacultureproduction has occurredin
extensiveareasof many of the poorer developing nationssuch as India, the
Philippines,and Indonesia(Burbridgeand Hellin 2002). Following abandon-
ment of fishponds,becauseof acid sulfatepotentialsoils, reclamationprojects
are necessaryto restoremangroveforests (BurbridgeandHellin 2002).

Human-induceddisturbancesareoverlainon thenaturaldisturbanceregime
in thelandscape.CoastalPlainswampforestsof thesouthernUnited States,for
example,existwith windstormsasnormal,episodicevents(Connereta). 1989).
Recenthurricanessuchas Hugo(in 1989) in the southeasternAtlantic Coastal
Plain andAndrew (in 1992) in the northernGulf of Mexico causedextensive
damageto forestsin their paths.Such damagemaybeespeciallysevereto shallow-
rootedhardwoodswith largecrowns thatare commonon alluvial floodplains.
Regenerationinhurricane-damagedareasmaybelimited if naturalhydrological
patternshavebeenaltered.

Rehabilitation problems in swamp forests dominated by baldeypress
(Tax-odiumdistichum)andwater tupelo (Nyssaaquatica)or Atlanticwhite-cedar
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(Chamaecyparisthyoides) illustrate thecritical constraintimposedby hydroperiod
(Connerand Buford 1998; Conneret al. 2002). Floodplaincommunitiesare
adaptedto a predictableflood pulse,andalterationof the timing, duration,or
magnitudeof this floodingreducesdiversity andproductivity(Junketal.1989).
Human activities have inextricably altered the hydrologic regime of most
alluvial floodplains in theUnited States(DynesiusandNilsson 1994;Poffet al.
1997;Shankman1999). Damsreducethefrequency,magnitude,andflashiness
of downstreamflooding, ofrenextendthe lengthof timethe floodplain is inun-
dated,andmaychangeseasonalityof peakflows, reducetheratesof erosionand
sedimentation(in silt-ladensystems).Channelizarionand canalbuilding, with
associatedleveesor spoil banks, often impoundwater permanentlyover large
areasof swamplands(Conneret al. 1989). Becausemany swamp areasare
permanentlyto nearlypermanentlyflooded, naturalregenerationis negligible
(Conneret al. 1989),andplantingis difficult.

Another aspectof flooding that should be consideredfor coastalswamp
forests in the United Statesis sea-levelrise and resulting increasesin salinity

(ConnerandBrody 1989).Althoughbaldcypressandwater tupelocan survive
extendedandevendeepflooding (Hook 1984),theyseemincapableof enduring
sustainedfloodingby waterwith salinity levelsgreaterthan8 partsper thousand
(McLeodet al. 1996).Atlantic white-cedaris anothercoastalspeciesthatis very
intolerantof salinity.

Thecauseof siteor standdegradationshouldbeidentifiedandwhetherthe
degradationis still occurringshouldbenoted.Forexample,alterationof a site
by changedhydroperiodposes several questions. Can the hydroperiod be
restoredor the effectsof alterationsomehowbe mitigated?Shouldthe restora-

tion effort targeta vegetationassemblageadaptedto presenthydroperiodand
site conditions? Hydroperiod alterations causedby flood-control projects,
dams,or highwayconstructiontendto beirrevocable,at least in the shortterm.
Floodingcausedby beaver(Castor canadensis)dams,however,canbe reduced
by removingthe dam, but continuedmanagementof beaverpopulationlevels
will be required to avoid recurring problems.The guiding principle for
the forestershould be to rehabilitateor restore in accordancewith existing
conditions,unlessalterationis feasible,affordable,and within the control of
the forester.

Appropriate Species

Most restorationefforts favor the use of nativespecies,althoughthereare sit-
uationswhereexoticspeciesarepreferred.In the tropics,populationpressures
and land scarcitymay requirethat restorationinclude speciesthat provide
early economicreturns (Parrorra 1992), and native forest speciesmay be
unsuitedfor degradedsites. Fast-growingexotic speciescan be usedto alter
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site conditions enough for native speciesto thrive (Knowles and Parrotta
1995; Parrottaet al. 1997).

The perceptionof what constitutes“native” speciesor communitiesmay
be contentious.Somefast-growingspeciesmay benativebut consideredundesir-

ableby portionsof thepublic orby agencies.For example,somehold an aversion
to plantingpine (especiallyloblolly pine,Pinus taeda) ratherthan broadleavesin

thesouthernUnited States,andsomedisapproveof plantingeasterncottonwood

(Populusdeltoides) in the LMAV. Furthermore,specieson the approvedlist for
afforestationprogramsmaybenativeto theareabut not to theparticularsite. In

theLMAV, for example,extensivehydrologicchangeshaveallowedplanting of

oak (Quercusspp.) in greaterproportion than is thought to havebeenin the
forestsprior to Europeansettlement(Fig. 9.1). Even documentingthecomposi-
tion of thepre-disturbanceforestedlandscapecan be difficult andcontentious

(HamelandBuckner1998; Stanturferal. 2001).
A wide arrayof edaphicandhydrologicconditionssculptedby theerosional

and depositionalprocessesof rivers provides the foundationfor high species
richnessand spatialdiversityof vegetationcommunitiesin alluvial floodplains.
Site typesrangefrom permanentlyinundatedsloughswith very poorly drained,

heavyclaysoils to rarelyinundatedridgesof well-drained,sandyloams(Stanturf

andSchoenholrz1998). Associationsof tree specieswith the various site types
havebeenwell establishedsincetheearly1900s(Putnamet al. 1960; Meadows
and Nowacki 1996). Thus, it follows that initial and long-termafforestation

success,trajectoryof standdevelopment,site productivity, and future manage-
ment opportunitiesandcostswill bedeterminedlargelyby thesuitability of the

speciesassignedto a givensite.
An openquestionis, to what extentshould themanagertodayconsiderthe

possibleeffectsof globalclimatechangein choosingappropriatespeciesto plant.

Global Circulation Models usedby policy-makersyield verydifferentresultsfor
thesouthernUnited Statesat thescaleof the forest stand.Nevertheless,man-

agerscontemplatinglong rotationsmaywant to hedgetheir betson uplandsites
by plantingspeciesadaptedto drierconditions.In bottomlands,thesituation is

more complicated. Projectedrising sea level will not only inundate coastal
forestsbut also causearise in thebaselevel of rivers in theregion, changingthe

hydrologicregimeof manysites.

Effective Establishment Methods

Choosingspeciesappropriateto the site and managementobjectives of the
landowneris an important first stepin restoration.Choice of stock type and

properhandling are importantas well as adequatesite preparationand post-
planting practicessuch as weed control. High survival is neededto ensure
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adequatestocking (seedlingdensity) and to minimize costs,especiallywhere
seedlingcostsarehigh (e.g., Scandinavia;Madsenet al. 2002).Survival ratesin
industrial plantationsset the benchmarkand are commonly80 percentto 90
percent.However, it maybe unreasonableto expectsuchhigh survival in many

restorationprograms(King and Keeland 1999), becausethe knowledgebase
may be insufficient due to limited research,lack of practical experience,or
untrainedavailablelabor (Gardineret al. 2002).

Benefitsof Restoration

The benefitsof restorationusuallyareidentified in termsof agencypriorities or
socialbenefits;seldomarethediverseobjectivesoflandownersrecognized.In most
market economieswhere rights and obligations of ownershiprest with private
landowners,what is appropriatefor public land maynot be the mostattractive
restorationoption for private landowners(Stanturfet al. 2001; Sranturfand
Madsen2002). Nevertheless,therecan be considerableoverlapin the expected
benefitsto society and the affectedlandowner.The array of possiblelandowner
objectivescan be illustrated with alimited setof managementscenariosfrom the

LIVIAV (Table9.3). Forsimplification, threescenariosarepresented:short-rotation
managementfor pulpwoodor fuelwood; alonger-rotationtypical of management

for sawlogproductionwhich is suitableforwildlife that requirescomplexvertical
structure,such as certain Neotropical migratorysongbirds(Hamel et al. 2002);
andanoption termed“greenvegetation,”whichis essentiallytheno-management
scenario.In thegreenvegetationscenario,speciescompositionandstandstructure

Table9.3. Financial,recreational,andenvironmentalbenefitsexpectedfrom three
afforestarionscenarioscommonin the Lower MississippiAlluvial Valley, UnitedStates

Expectedbenefitlevel

Environmental
Financial Recreational

Conservation Land
Scenario Short-term Long-term Hunting Nonconsumptive practices retirement

Shortrotation High High High Medium Medium No

(pulpwood,
fbelwood)

Long-rotation Medium High High High High Medium

(timber,
wildlife)

Green Low to no No Low Medium Medium High
vcgetation



206 PART III. FRESHWATERMANAGEMENT

are secondaryconcernsto removing land from active agriculture.This option
meetstheobjectivesof federalprogramssuchastheWRP (Stanturfetal. 2001).It
mayalso providehabitatconditionsfor certainwildlife speciestypical of old fields
thatotherwisewould not occur on the landscape(Hamelet al. 2002).

Benefitscomprisefinancial,recreational,andenvironmentaloutcomes.Because
cashflow is importantto many landowners,and the adjustmentfrom annualto
periodicincomeis oftencitedasabarrierto afforestation,financialbenefitsarecon-
sideredto bebothshorttermandlongterm.Recreationalbenefitsincludehunting
(typically for white-tailed deer Odocoileus virginianusl, wild turkey LMeleag~is
gallopavol,andwaterfowl) andnonconsumptivebenefitssuchasbird watchingor
hiking. Environmentalbenefitsare separatedinto conservationpractices(suchas
thoseinstalledto control soil erosion,protectwater quality, or enhancewildlife
habitat)andlandretirement,wherethereis no ongoingmanagementactivity.

Financial Benefits

Financial returnsfrom active managementare substantialrelative to the green
vegetationscenario.Sawlog rotationsof high-valueoak andgreen ash (Fraxinus
pennsylvanica)are expectedwithin sixty to eighty years,with thefirst commercial
thinning beginningin twenty to thirty years.Short-termfinancial returnsfrom
growingpulpwood-sizedeasterncottonwoodin theLMAV arerealizedwithin ten
yearsof afforestation(StanturfandPortwood1999).Short-termfinancial returns
are low from plantationsof other species.Nevertheless,other speciescan be
combinedwith cottonwoodin the nurse-croptechniqueto produceincomefor
oneor two pulpwoodrotations,hencethe mediumrating.The greenvegetation
scenario,typified by WRP plantings,providesno long-termincomebecausetim-
ber managementis unlikely, given the understockedstandsthat will develop
(Stanturfetal. 2001). In theshort term,thereis incomefrom theone-timeease-
ment paymentmadeto thelandowner(Stanrurfet al. 2000).

Somelandownerscan realizeother incomefrom huntingleasesandpotential-
ly from carbonsequestrationpayments.In theMississippiportion of the LMAV,
huntingrightsare leasedfor $7.50 to $12.35per hectareperyear.Thereis alsoa
potential for substantialincometo landownersfrom creditsfrom carbonseques-
tration (Barker et al. 1996). Although there is considerableuncertaintyover

accountingfor carboncredits in nationaland internationaldiscussions(e.g., the
Kyoto Protocol),thereseemsto beagreementthatafforestationwill beeligible for
offset credit (Schlamadingerand Marland 2000). Current projections in the
United Statesfor thevalueof a carboncreditare on the order of $2.72to $4.54
per megagramof CO2 sequestered,but the value is much higher in Europe.
Estimatesfrom economicmodelssuggestthat a carbontax of $27 to $109 per
megagramof CO2 would be necessaryto stabilize global emissionsat the 1990
level (Solberg 1997). Under theseconditions,growing biomassfor fuel would
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becomean attractivealternativeto fossil fuel and landownersin theLMAV may
want to optimize carbon sequestrationand biofuel benefits by planting black
willow (Salixnigra) on soils too wet for easterncottonwood.

RecreationalBenefits

The primary recreationalbenefitsassumedin theexamplesarefrom creatingand
enhancingwildlife habitat.Not all wildlife speciesrequirethesamekindof habitat,
soforsimplicity theexpectedbenefitscanbeseparatedinto recreationalhuntingby

the landowner(ratherthan leasefees) andnonconsumptivewildlife activities,such
as bird watchingor simply the existencevalueof wildlife to the landowner.Most
specieshuntedin theLMAV benefitfrom arangeof forestconditions,andexpect-
ed benefitsare high in standsmanagedfor pulpwoodor sawlogs.Low expected
valueis derivedfrom thekind of openstandslikely to developfrom thegreenveg-
etation scenario(Allen 1997; King and Keeland 1999). Neotropical migratory
birds andotherbirds are not uniform in their habitatrequirements(Hamelet al.
2002),butsomewill benefitfrom thekind of early successionalhabitat typical of
short-rotationstands (Twedt and Portwood 1997) as well as early successional
herbaceousfields of the greenvegetationscenario.Speciesof concernare of two
kinds: thoserequiringearlysuccessionalherbaceousvegetationand thosefoundin
the kind of complexvegetationstructurefound only in older stands,which the
sawlogrotation maydevelopin time (Hamelet al. 2002).Birds that useinterme-
diateconditionsof standdevelopmentarelikely to occur in developingstandsfor
which theintendedmanagementpurposeis sawtimberproduction.

Environmental Benefits

Water-qualitybenefitsof afforestationaccruefrom reducingsoil erosion(Joslinand
Schoenholtz1998), and filtering, retaining, andassimilatingnutrients and farm
chemicalsfrom surfacerunoff andgroundwater(Huanget al. 1990).Amongkey
wetlandfunctions,biogeochemicalprocessessuchasfiltration havethehighestsoci-
etalvalue.This function requiresflow-throughhydrologicregimestypical of river-
me forests. However,typical afforestationstandsin the LMAV are not subjectto
theflow-throughhydrologic pulseof a riverine system,and their ability to filter
nutrientswill be limited (LockabyandSranturf2002).

Afforestationof formeragriculturalareasthatareprotectedfrom flow-through
systems(i.e., flooding) by dikes,ditches,andotherbarrierscannotbe considered
restorationin a completesenseunlesssomesemblanceof flow-throughprocesses
are also restored.Large-scalerestorationof natural, riverine flooding regimesis
rarely feasible.This limitation of afforestarionactivitieshasbeenrecognizedprevi-
ously (Allen 1997; King and Keeland 1999). Suggestedremedieshaveincluded
pluggingdrainageditchesor building water-controlstructureson portionsof the
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afforesredsitessothatcontrolledfloodingcanbeinducedin much thesameway
that it is applied within greentreereservoirs.On public land such as national
wildlife refugesandnational forests, relatively large areashavebeenrestoredin
this fashionasgreentreereservoirs,moistsoil managementunits,or permanent
water bodies. In addition, it is common for some flooding to occur on lower-
lying portionsfrom accumulationof precipitation.Althoughafforestedsitesmay
havewater-controlstructuresthat producestandingwaterandappearto function
as depressionalwetlands, they differ significantly from basin wetlandsin their
functioning (Lockaby and Stanrurf2002). Because these quasi-depressional

afforestedsystemsremainisolatedfrom riverine influences,theycontributelittle
to biogeochemicalfiltering or to the export of particulateor dissolvedorganic
carbonto aquaticsystems.

Improved water quality can be derived from forested riparian buffers.
Planted forested buffer strips in an agricultural landscapeare uncommon,
althoughseveralstudieshaveshownthat buffer stripsare effectivein removing
solublenitrogenandphosphorus(up to 99 percent)andsediment(Comerford
et al. 1992).The efficiency of pesticideremoval by forestedbuffer strips has
been examinedin some environmentalfate studies, which concluded that
buffer strips15 metersorwiderweregenerallyeffectivein minimizing pesticide
contamination of streams from overland flow (Comerford er aJ. 1992).
Recently, forestedbuffer strips in the LMAV becameattractivefinancially to
thelandownerby a new incentiveprogram(ContinuousSignup/Conservation
ReserveProgram),which allows landownersto plant fast-growing plantation
species,includingeasterncottonwood.

The EnvironmentalProtectionAgency has identified the Yazoo-Mississippi
basin as an areaof significant concern for surface and groundwaterquality.
Although surfacewater runoff in the LMAV contributesonly 20 percentof the
nitrate loading implicatedin the expansionof the hypoxic zonein the Gulf of
Mexico, the EPA is expectedto focus significant resourceson the LMAV to
improve waterquality. Policy alternativesunderconsiderationinclude reducing
nitrogen useby 20—40 percentand convertingagricultural land to forestsin an
effort to restoreandenhancenatural denirrification processes(U.S. EPA 1999).
Theassumptionis madethatrestoration(afforestation)ofbottomlandhardwood
forestswill reducenutrient export into the Gulf. This will be trueto the extent
that changingland usefrom row crop agricultureto forestswill reduceapoten-
tial sourceof nutrients(Thorntonetal. 1998).However,the restoredsystemwill
play at mosta small role as a nutrientfilter unlessit is hydrologicallylinked to a
riverine system.Thus a greaterbenefit, in terms of nutrient filtration, would
comefrom afforestationof the activefloodplains of smallrivers throughoutthe
basin,andfrom buffer stripsplantedalong drainageways (CastelleandJohnson
2000). Nevertheless,the relative effectivenessof forest versus grass buffers in

nutrientfiltration remainsuncertain.
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Effects of Restoration on Wildlife andFish

Afforestarionis assumedto benefit “wildlife” (Wesleyet al. 1981;Weaveret al.
1990; Cannell 1999b).On the otherhand,certainnativewildlife andgrazing
animalscan hinder afforestationefforts (e.g., Houston 1991). Recentassess-
ments of afforestationof agricultural lands in the LMAV havestressedthe
importanceof rapidly attaining the physical structureand statureof forests
(Schweitzeret al. 1997).Such rapidafforestationimplies rapid accumulationon
the landscapeof thephysicalstructureandstatureof forest.Rapiddevelopment
of vertical forest structure is implicit in the environmental (Joslin and
Schoenholtz1998) and economic(Scholtens1998) analysesof afforestation.
Rapid afforestarion is also an essential feature of programsdirected toward
carbonsequestrationbenefits(Cannell1 999a).

Afforestation,particularly rapid afforestation,is likely to shortenthe early
successionalperiod. Herbaceous-dominatedplant communitiesappropriatefor
wintering birds utilizing earlysuccessionalhabitatsconsequentlywill persistfor
shorter periods if land is afforestedratherthan allowing naturalsuccession.
Rapid afforestationprovides winter habitat for a numberof speciesquickly
(Wesleyet al. 1981;Twedtand Portwood 1997) at the expenseof a few high-
priority speciesfound in earlysuccessionalhabitats.Less-rapidrestorationof
forestsin the LMAV may providedemonstrable,albeitunintended,benefitsto
birds that winter within afforestedsites in earlysuccessionalstages.The early
successionalspeciesthat specializeon herbaceousvegetationare of higher-than-
averageconservationpriority among the birds found in afforestarion areas
(Hamelet al. 2002).

Forested stream buffer zones provide multiple benefits to stream fishes
(Angermeierand Karr 1984; Gregory er al. 1991). Indirect benefits include
reductionof sedimentandnutrientinputs (Lowranceet al. 1984),stabilization
ofstreambanks,andmoderationof watertemperatureextremes(Gregoryet al.
1991),all factorsthat canaffectfish productivity, physiology,reproduction,and
communitycomposition(Matthews1987).Moredirectly, organicmatterinput
tutostreamsasleavesand instreamwoodprovidestheprimary energysourcefor
aquaticmacroinvertebrates(Wallace et al. 1997),which form the food basefor
moststreamfishes.In sandyCoastalPlainstreams,debrisdamsand largewood
greatly increasemacroinvertebrateproduction (Benkeet al. 1984,1985;Smock
et al. 1989),promotechannelstability, and increasehabitatcomplexity for fishes
(Shieldsand Smith 1992). Evenmodestdensitiesof instreamwood in chan-
nelizedor incised, sand-bedstreamscan shift fish communitiesfrom those
associatedwith colonizing stagesto those of intermediateor stable stages
(Warren et al. 2002).

Manyfishesof thesouthernUnited Statesuse inundatedforestsfor spawning,
nursery,andforagingareas(FingerandStewart1987;Bakereral. 1991;Killgore
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and Baker 1996; O’Connell 2000). As in plantingprescriptionsfor afforesta-
tion, hydrology is critical for fishes (Finger and Stewart 1987; Hoover and
Killgore 1998).Long-durationfloodingin latewinter to earlyspringis especially
importantfor spawningbut evenshort-termfloodingof forestscanprovidefishes
with importantenergy from aquatic and terrestrial invertebrates(O’Connell
2000).Floodedforestsprovidenurseryhabitatto bothwetlandfishesand those
of streamsand rivers (Killgore and Baker1996;HooverandKillgore 1998).In
theLMAV, floodedforesthabitatssupporthigherlarval fish abundanceof sport,
commercial, and nongamefishes than flooded agricultural fields (recently
croppedand fallow) (HooverandKillgore 1998).

Large-scaleafforestationof the LMAV emphasizingflood-proneagricul-
tural areasandstreambuffer zonescould dramaticallyaffect productivityand
diversity of fish and other aquatic communities (Junk et al. 1989; Smock
1999).Within theLMAV, seasonallyinundatedforesthabitatis greatlydimin-
ished (Hooverand Killgore 1998), moststreamand river systemsare highly

modified (Shankman1999), and most streamslack forested buffer strips.
Nevertheless,southernbottomland hardwoodwetland habitats support at
least forty-five characteristicfish species(Hooverand Killgore 1998) and in
drainagesdominatedby botromlandforest,moststreamandriver fishesoccur
in and actively use inundatedforest habitat (Baker et al. 1991).As noted,
afforesrationin the LMAV now emphasizessmall low-lying tractsembedded
in a matrix of agriculture. Future emphasison forestedriparianstreambuffer

stripsthat connectstreamand river systemsto afforestedtractsis a primary
considerationto maintainand enhancefish and aquaticcommunities(Gore

andShields1995).

Conclusion

TheLMAV iscurrentlyexperiencingextensiveafforestationof formeragricul-
tural fields on sites that historically havesupportedbottomlandhardwood
forests.The currentpaceof afforestationmaybemaintainedthroughthe next
decade,resulting in the establishmentof hundredsof thousandsof hectaresof
bottomlandhardwoodplantations.Hardwoodplantationsestablishedon for-
mer agricultural fields in the LMAV comprisea diversesuite of plantation
types rangingfrom single-speciesto mixed-speciesplantings.Single-species
plantations,or monocultures,are ofren the mostefficient plantationtype for
optimizing productionof a single output, for example,fiber productionor
soil amelioration.In the LMA’Y the native “sofr” broadleafspeciesthatexhibit
indeterminategrowth patternsare well suited for culturing in this manner.
Easterncottonwoodplantations,which are cultivatedfor high-quality,printing
fiber, are the mostextensiveexampleof single-speciesplantationscultivatedin
the LMAV. Single-speciesplantationsare not well suited for production of



Chapter9. RestoringForestedWetlandEcosystems 211

high-qualitysawtimberbecausemostvaluablespeciessuchasthe oaksgener-
ally developtheir highestvigor and quality in standsproviding interspecific
competition.

Mixed-speciesplantationscan includevarious arrangementsof multiple
species in true mixtures or intercropping mixtures. Potential benefits of
mixed-speciesstandsversussingle-speciesstandscan include increasedpest
resistancein the stand,increasedproductivityor yields if the standis vertically
stratified, increasedproduct diversity, improved quality of crop trees, and
increasedcanopyspeciesdiversity (Smith 1986).Truemixtures generallyconsist
of randomlyor systematicallyassignedspeciescombinationsestablishedat the
same rime. Somemixed plantationsare establishedwith speciesof similar
growth rates and developmentalpatterns, but most successfulmixtures
require establishmentof speciesthat will stratify within the Forest canopy
(Smith 1986; Clatterbucket al. 1987). Stand developmentprocessesin
well-designedspeciesmixtures will track developmentpatternsobservedin
naturalmixedstands(Lockhart et al. 1999).Most currentafforestarionprac-
tices under governmentalcost-shareprograms attempt to establish true
species mixtures as a means of providing stand-level species diversity.
Unfortunately,manyof theseplantationsare establishedwithout considera-
tion for the developmentaltrajectoriesand competitive interactionsof the
individual speciescomprising the mixed plantation and probably will not
meetdiversityobjectives.

Scientistsand land managersworking in the LMAV havedevelopedan
intercroppingschemeusing the early successionaleasterncottonwoodas a
nurse speciesfor the slower-growing, disturbance-dependentNuttall oak
(Schweitzeret al. 1997;Twedt and Portwood1997). Potentialbenefitsof the
eastern corronwood—Nuttalloak (Q. nuttal/ii) intercroppingcould include
rapid rehabilitationof soil quality, rapid developmentof vertical structurefor
animal habitat, early financial return on the restoration investment, and
developmentof a favorable understorvenvironment for establishmentof
oak seedlingsand other native woody species.Intercroppingsystemsshow
greatpotential For providingmultiple ecologicaland landownerbenefits in
theLMAV.

Understandably,afforestationefforts have concentratedon establishing
the dominant-forestoverstory trees,and little is known about the develop-
ment of understoryplants (Sranrurfer al. 2000). In addition to vegetative

restoration, there may be a need to restore microtopography,especially
in areaswheretheoriginal ridge andswaletopographywasleveledfor agricul-

ture. This is an expensiveproposition (King and Keeland 1999) and as
yet the actual benefits of thesepracticesare unknown. Nevertheless,such

efforts would increasespeciesdiversity andresult in restorationthat is more
complete.
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Recommendations

Healthyforestsare critical to sustainingfreshwaterecosystems.Upland forests
protectaquaticresourcesby dampingthe energyof raindropsandholdingsoil
in place. Riverine forests such as bottomland hardwoodsand depressional
swampforestsdirectly influencefreshwatersystems,and thereforerestorationof
theseforests is consideredessentialto improving water quality. A successflil
restorationprojectshouldbe designedto restoreecologicalfunctionsas quickiy
as possible.Thefollowingsevencriteriaprovideaguideto successfullyrestoring
bottomlandhardwoodandswampforests:

• Restorationobjectivesshouldbeclearlystated.Not only shouldtheendcondi-
tions of restorationsuccessbe statedat the outset,but also cost constraints
shouldberecognized,the acceptabletimeinterval identified,andany limita-
tions on intermediateconditionsclarified. If objectivesarecast in termsofthe
rangeof functionsthatwill be restored,thenthemechanismsthatwill produce
the successfulendpointsshouldbeidentified (Stanturfet al. 2001).

• Developanadequateunderstandingof presentsiteconditions.At a minimum,
this would includecurrenthydroperiodfor the previous five years,adjacent
land usesthatmight affectsoil limitations andhydroperiod.

• Designa restorationand managementplan thatwill achievethe statedobjec-
tives within an acceptabletime frame andat an acceptablecost.Thereis no
substitutefor expertiseandexperiencein this step,anda bit of art is required
aswell (Allen et al. 2001;Gardineret al. 2002;Hamelet al. 2002).

• Investin high-qualityplantingmaterialof speciesappropriateto siteconditions
(Allen et al. 2001;Gardineret al. 2002).

• Invest in adequatesite preparationfor the objectives. If cost is an overriding
constraint, then low-intensity methodsmay be appropriate(disk, plant or
direct seed,walk away), although compensatingfor low survival by planting
moreseedlingsof hardyspeciessuchasNuttall oakmaybenecessary.If objec-
tivessuchashighbiodiversityareprimaryandcostis asecondaryconsideration,
then interplanringcottonwoodandoakswill meetobjectivesquicker.

• Superviseplanting andcheckfor properhandlingandplanting(Allen et al.
2001).A goodsafeguardis to specifyin theplantingcontractwhat constitutes
an adequateseedling (

3’i -inch root collar diameterand a minimum of three
lateralroots seemsadequate)andacceptableplantingpractice.Build inpenalties,
as well as incentives,basedon randominspectionof the plantingjob while in
progress.

• Apply post-plantingculturalpracticesin atimely fashion,suchasweedcontrol
or longer-termstand treatmentssuch as thinning, if they are necessaryto
achieveobjectives.
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Much is known aboutforest restoration,at leastin termsof establishingthe
dominantforestoverstoryspecies.Extensionof currentknowledgeor applica-
tion of conservationprincipleswill be sufficientfor manysituations.Additional
research,focusedon improving economicefficiency and more fully restoring
ecological functions, will be needed.We see five fundamentalareas of vital
importancefor future research:

• Restorationsystemsneedto be developedthatwill meet landownerobjectives.
By systemswe meanpackagesof proven techniquesfor optimizing benefitsat
reasonablecostsandwith low risk of failure.

• In restorationof forestedwetlands such as those in the Lower Mississippi
Alluvial Valle); guidelinesareneededfor stocksizeandqualitiesthatarespecies
specific and well correlatedto out-plantingperformance.

• Protocolsare neededfor transferof geneticmaterial.Theseexist for the com-
mercialconifersbut aresurprisinglylackingfor broadleaves.Thesewill needto
be ecotypespecific,aswell asby latitude anddistance.

• New restorationsystemsareneededthat producean arrayof benefitsquickly
andarecost effective.We think theconceptof complexplantationsneedsto be
exploredmoregenerally.

• What constitutesrestorationsuccessshouldbe definedfor specific ecosystems,
for an arrayof site conditionsandmanagementobjectives,within a temporal
framework.The essentialquestionis, “What shouldthelandownerexpecton a
siteaftera statedtimeperiod, given the level of investmentin restoration?”

Forestrestoration,in the broadsense,is widespread.Similar challengesface
forestersattemptinglarge-scale restoration,and there are no easy answers.
Simply put, the questionsarewhat to do,how to do it, how to pay for it, and
what benefitscanwe expect?Severalfundamentalcomponentsof afforestation
aregenerallylacking in most regenerationpracticescurrently performedin the
LMAV. Developingsome of thesemissingcomponentswill requireadditional
research,but otherswill require only an extensionof current knowledgeor
applicationof conservationprinciples.Incorporatingsilvicultural andecological
principlesinto public andprivaterestorationactivitieswill provide landowners,
naturalresourcemanagers,and the generalpublic bettermethodsfor evaluating
successof theseafforesrationactivitiesandshouldimproveafforestationefficiency
ecosystemhealth,and resourcesustainabilitv.
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